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Abstract
Objective—To predict the growth in demand for long term follow up of adults with congenital
heart disease.
Design—Observed diagnoses of congenital heart disease in infancy and childhood were adjusted
for observed infant survival, predicted further survival to age 16 years, underascertainment in
older childhood, and predicted need for long term follow up.
Setting—The resident population of one health region in the UK.
Patients—All confirmed cardiovascular malformations diagnosed in 1985 to 1999 in children
born in 1985 to 1994.
Results—1942 cases of congenital heart disease were diagnosed in infancy in a population of
377 310 live births (5.2/1000). 1588 (82%) survived to 1 year and 1514 were predicted to survive
to age 16. 605 further diagnoses were made in childhood—678 when adjusted for underascertain-
ment. Thus, 2192 children were predicted to reach age 16, of whom 784 would require long term
follow up in adult life. The adult population would comprise 28% complex, 54% significant, and
18% minor congenital heart disease. These figures predict the need for adult follow up of congeni-
tal heart disease of over 200 extra cases per 100 000 live births each year or over 1600 extra cases a
year every year in the UK.
Conclusions—The need for follow up of congenital heart disease in adult life is likely to grow
linearly, with increasing complexity and increasing need for reinvestigation and reintervention
with time. Appropriate provision should be made for adequate manpower, resources, and facili-
ties for care of these patients.
(Heart 2001;85:438–443)

Keywords: adult congenital heart disease; resources; patient survival

Improvements in diagnosis, medical treatment,
and surgical repair are changing the pattern of
survival of congenital heart disease. In recent
years the survival of more complex types of
congenital heart disease has improved, leading
to an increasing work load for follow up,
reinvestigation, and reoperation. Over the same
time, the care of adults with congenital heart
disease has begun to develop as a separate sub-
specialty.1 It seems likely that all but those with
the simplest forms of congenital heart disease
will require specialist follow up, and this will be
the main growth area in care of patients with
congenital heart disease.2 So far there has been
inadequate planning for the future care of such
patients and there are no population based data
to assess the future growth of this subspe-
cialty.2 3 The aim of this study was, therefore, to
predict the likely future growth of the popula-
tion of survivors of congenital heart disease
requiring follow up beyond the age of 16 years.

Methods
POPULATION

The former Northern Health Region com-
prises the counties of Cumbria, Northumber-
land, Tyne & Wear, Durham, and Cleveland
and has a resident population of just over three
million. All infants and children with suspected
heart disease from 15 of the 16 health districts
are referred to a single centralised paediatric
cardiology centre.4 Children from the health
district of South Cumbria are referred else-

where for geographical reasons and so were not
included in this study.

DATA SOURCES

The paediatric cardiology database contains
details of all infants and children with structural
congenital heart disease born since 1 January
1985.4 Ascertainment was prospective for all
diagnoses made from 1990 onwards and retro-
spective for diagnoses made between 1985 and
1989. Ascertainment is thought to be complete
for all significant and complex heart disease with
some underascertainment of minor malforma-
tions in infancy in the early part of the study.5

Diagnoses made in infancy were limited to
babies born to mothers resident in the region at
the time of birth. There was no significant inflow
or outflow of population within the first 12
months.6 Diagnoses made after the first birthday
were limited to those made in children resident
in the region at the time of diagnosis. Infants and
children moving into the region and referred for
follow up of congenital heart disease that had
already been recognised were not included. This
allows us to compensate for immigration and
emigration to other regions. National statistics
show no significant net inflow or outflow of
population during the period of the study.6 The
OYce of National Statistics provided data on the
regional birth rate.

CASE DEFINITION

Cardiovascular malformations were defined
according to the generally accepted definition
of “a gross structural abnormality of the heart
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or intrathoracic great vessels that is actually or
potentially of functional importance”.7 In
keeping with previous population studies, chil-
dren with isolated cardiac arrhythmias, cardio-
myopathy, acquired heart disease, isolated
bicuspid aortic valve, mitral valve prolapse
without regurgitation, isolated dextrocardia,
cardiac tumours, patent ductus associated with
prematurity, and atrial septal defect undergo-
ing spontaneous closure in infancy were
excluded. All cases were classified according to

the main anatomical diagnosis. Children with
more than one cardiac malformation received a
single diagnosis based on a previously de-
scribed anatomical hierarchy.5 Diagnoses clas-
sified as “miscellaneous” in tables 1 and 2
mainly included tricuspid valve abnormalities,
pulmonary artery branch stenosis, great artery
and coronary artery malformations, and left
ventricular outflow obstruction. As described
previously each anatomical diagnosis was also
classified as complex, significant or minor.5

Complex malformations were characterised by
an absent, hypoplastic or common valve or
chamber (including congenitally corrected
transposition of the great arteries and complete
atrioventricular septal defect); significant mal-
formations involved hearts that had four valves
and chambers but would require intervention;
and minor defects were mainly smaller ven-
tricular septal defects and less severe aortic or
pulmonary valve stenosis. Patients with ven-
tricular septal defect, aortic valve stenosis or
pulmonary valve stenosis were divided into
those dying or undergoing surgical repair in
infancy (significant) and those alive and unop-
erated by one year or diagnosed after infancy
(minor).5 Late presentation of a large ventricu-
lar septal defect, inoperable because of pulmo-
nary vascular disease, was not encountered in
this study but would have been classified as
significant.

MODEL DESIGN

Because the database contains data for patients
live born since January 1985 the follow up
ranged from a minimum of one year for babies
born in 1998 to a minimum of 13 years for
babies born in 1985.5 The study was based on
a theoretical population born in 1985 to 1994
with 10 years’ ascertainment for all ages from
birth to the 16th birthday (fig 1). These years
were chosen because the oldest patients are
about to graduate to the adult congenital heart
clinic. They provide suYcient data for study,

Table 1 Observed survival in infancy, predicted survival throughout childhood, and
predicted requirement for follow up in adult life

Observed
infant
survival

Predicted
survival 1 to
16 years References

Predicted need for
follow up beyond
16 years References

HLH 0.00 0.00 8,9 1.00 2
MA 0.80 0.40 10 1.00 2
TA 0.56 0.56 10 1.00 2
DIV 0.60 0.71 10,11 1.00 2
PA/IVS 0.43 0.71 12,13 1.00 2
PA/VSD 0.72 0.66 12,14,15 1.00 2,15
Truncus 0.34 0.92 16,17,18 1.00 2
CTGA 1.00 0.96 19 1.00 2
CAVSD 0.56 0.96 20,21,22 1.00 2
TGA 0.77 0.87 23,24,25 1.00 2
TOF 0.89 0.94 26,27,28 1.00 2
P-AVSD 0.79 0.91 29,30,31 1.00 2
TAPVC 0.73 0.97 32,33,34 0.05 2
VSD (S) 0.66 0.97 35,36,37 0.10 2,55
AS (S) 0.47 0.79 35,38,39 1.00 2,38,39
PS (S) 0.83 0.97 35,40,41 0.25 2
CoA 0.88 0.98 35,42,43 1.00 2,42
ASD 0.87 0.97 35,44,45 0.05 2
PDA 0.94 0.99 35,46 0.00 2
MR 0.57 0.94 47,48 1.00 2
VSD (M) 1.00 1.00 37,49 0.10 2,55
AS (M) 1.00 0.94 39,45,50 1.00 2,45,50
PS (M) 1.00 0.97 45 0.10 2
Misc 0.83 0.95 51,52,53,54 0.75 2
Total 0.82

AS (M), aortic stenosis with no intervention in infancy; AS (S), aortic stenosis with intervention
or death in infancy; ASD, atrial septal defect; CAVSD, complete atrioventricular septal defect;
CoA, Coarctation of aorta; CTGA, congenitally corrected transposition of the great arteries; DIV,
double inlet ventricle; HLH, hypoplastic left heart; MA, mitral atresia; MR, mitral regurgitation;
Misc, miscellaneous; PA/IVS, pulmonary atresia with intact ventricular septum; P-AVSD, partial
atrioventricular septal defect; PA/VSD, pulmonary atresia with ventricular septal defect; PDA,
patent ductus arteriosus; PS (M), pulmonary stenosis with no intervention in infancy; PS (S),
pulmonary stenosis with intervention or death in infancy; TA, tricuspid atresia; TAPVC, total
anomalous pulmonary venous connection; TGA, transposition of the great arteries; TOF, tetral-
ogy of Fallot; Truncus, truncus arteriosus; VSD (M), ventricular septal defect with no interven-
tion in infancy; VSD (S), ventricular septal defect with intervention or death in infancy.

Table 2 Observed cases, predicted survivors, and predicted need for follow up in adult life

Live born
diagnosed
in infancy

Survivors
at 12
months

Predicted
survival 1 to
16 years

Predicted total
survivors from
infancy

Observed
post infant
diagnoses

Adjusted
post infant
diagnoses

Total
survivors to
16 years

Predicted need
for adult
follow up

Predicted
extra adult
follow up

Adult follow
up per 105

live births

Extra
adults per
year in UK

HLH 54 0 0.00 0 0 0 0 1.00 0 0 0
MA 10 8 0.40 3 0 0 3 1.00 3 1 6
TA 23 13 0.56 7 0 0 7 1.00 7 2 14
DIV 30 18 0.71 13 0 0 13 1.00 13 3 27
PA/IVS 21 9 0.71 6 0 0 6 1.00 6 2 12
PA/VSD 39 28 0.66 18 0 0 18 1.00 18 5 37
Truncus 35 12 0.92 11 0 0 11 1.00 11 3 22
CTGA 17 17 0.96 16 0 0 16 1.00 16 4 33
CAVSD 104 58 0.96 57 1 1 58 1.00 58 15 119
TGA 113 87 0.87 76 0 0 76 1.00 76 20 156
TOF 113 101 0.94 95 3 3 98 1.00 98 26 202
P-AVSD 29 23 0.91 21 15 15 36 1.00 36 10 74
TAPVC 33 24 0.97 23 2 2 25 0.05 3 1 6
VSD (S) 182 121 0.97 117 0 0 117 0.10 12 3 25
AS (S) 36 17 0.79 13 0 0 13 1.00 13 3 27
PS (S) 46 38 0.97 37 0 0 37 0.25 9 2 19
CoA 90 79 0.98 77 29 40 117 1.00 117 31 241
ASD 84 73 0.97 71 105 119 190 0.05 10 3 21
PDA 95 89 0.99 88 99 109 197 0.00 0 0 0
MR 7 4 0.94 4 24 29 33 1.00 33 9 68
VSD (M) 577 577 1.00 577 185 206 783 0.10 78 21 160
AS (M) 38 38 0.94 36 42 44 80 1.00 80 21 164
PS (M) 97 97 0.97 94 64 69 163 0.10 16 4 33
Misc 69 57 0.95 54 36 41 95 0.75 71 19 146
Total 1942 1588 1514 605 678 2192 784 208 1612

See table 1 for key to abbreviations.
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yet minimise the need for adjustment for
underascertainment of diagnoses at older age.
We have 100% ascertainment for the first five
years of life and then diminishing ascertain-
ment from 90% for 5 year olds to 10% for 13
year olds. To predict the size of the theoretical
population, extrapolation from the observed
population is required (fig 1) and assumes
constant underascertainment. The required
“correction factor” ranges from 1.1 for 5 year
old children to 10.0 for 13 year old children to
predict the situation if full ascertainment for 10
years at each age were achieved. The number of
cases of each diagnosis identified at each age
was determined from the database. Each age
cohort was then corrected for underascertain-
ment of each diagnosis (using the correction
factor detailed above) and the total predicted
numbers of each diagnosis at each age were
then calculated.

There is potentially an increasing error with
older age at diagnosis because of the increase in
the correction factor required but, in fact, the
number of diagnoses diminishes rapidly with
increasing age. Figure 2 shows that the very
large majority of diagnoses are made early in
childhood so the potential error from extrapo-
lation later in childhood is much reduced. Even
with correction for underascertainment there
are very few diagnoses over the age of 10 years
(fig 2). Because of the design of the database
we have no diagnoses in children aged 14 years
and older. The likely error from excluding all
children diagnosed at the age of 14 and 15
years is very small.

The study identified all live born newborns
with heart disease during infancy and docu-
mented survivors at the end of the first year.
The likely survival for each patient diagnosed
from the age of 1 year to 16 years was predicted
from the average of up to three published
reports per diagnosis, which gave survival data
as shown in table 1.8–54 This gave a predicted
theoretical population of 16 year old survivors
of heart disease presenting in infancy. New
diagnoses made at 1–13 years (corrected for
underascertainment for 5–13 year olds as
described above) produced a second theoreti-
cal childhood population, which was added to

the infant survivors (table 2). It was assumed
that all those diagnosed beyond infancy would
survive until the age of 16 years. This produced
a total number of patients reaching the age of
16 alive and a description of the spectrum of
congenital heart disease they would have.
Reports in the literature were used to predict
the need for specialist follow up into adult life
(table 1). This ranged from 100% for most
serious forms of heart disease to 0% for patent
ductus that was successfully closed or occluded
in childhood. We have assumed, for instance,
that 10% of children with ventricular septal
defect would require continued follow up
beyond 16 years of age, either for their
ventricular septal defect or for associated aortic
valve regurgitation, mitral valve regurgitation,
repaired coarctation, subaortic stenosis, re-
sidual patch leak, permanent pacemaker, etc.55

This might be considered to be either an
under- or overestimate and could be adjusted
accordingly. We could thus deduce the number
of patients requiring follow up and from this
the annual number for our population. Know-
ing the relation between our regional birth rate
and national figures, we could also predict the
requirements for the UK.56

Results
During the 10 year study period there were
377 310 live births in the population. The birth
rate diminished from 38 865 in 1985 to 35 026
in 1994.

In the same population 1942 cases of
congenital heart disease were diagnosed in
infancy (5.2/1000) with 1588 (82%) still alive
at the age of 1 year. Observed total infant sur-
vival varied from 0% for hypoplastic left heart
to 100% for small ventricular septal defect,
mild pulmonary stenosis, and mild aortic
stenosis. The spectrum of congenital heart dis-
ease at birth and at the age of 1 year is shown in
table 2.

The number of new diagnoses of congenital
heart disease made after infancy diminished
with age. Even after correction for under-
ascertainment in later years (as described
above and as shown in fig 2) it is still apparent
that most childhood diagnoses are made before
school age. As can be seen from fig 2, 74% of all
cases are diagnosed in infancy, 18% before
school age (age 1–4 years) and 8% in school
age (age 5–13 years). The most common
abnormalities diagnosed after infancy were
ventricular septal defect, patent ductus arterio-
sus, atrial septal defect, and pulmonary valve
stenosis (table 2), but there were also signifi-
cant numbers of important malformations
such as coarctation of the aorta and a few cases
of more complex heart disease such as pulmo-
nary atresia and tetralogy of Fallot.

Combining data for the survivors of heart
disease diagnosed in infancy predicted to
survive another 15 years with new diagnoses in
childhood produces the spectrum of congenital
heart disease in children reaching the age of 16
years (table 2). The predicted need for follow
up into adult life ranged from 0% for closed
patent ductus arteriosus to 100% for all major
heart defects, and produced the predicted

Figure 1 Data available on all diagnoses in babies and
children born in 1985 to 1994. Ascertainment varies from
13 years for births in 1985 to four years for births in 1994.
Data range from 10 years for 0–4 year olds to one year for
13 year olds. The figure shows data available (hatched)
and data extrapolated (grey). The eVect of the adjustment
is shown in fig 2.
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spectrum of heart disease requiring long term
follow up beyond 16 years of age (table 2).2 As
can be seen, the main diagnoses were repaired
complete atrioventricular septal defect, atrial
repair of transposition of the great arteries,
repaired tetralogy of Fallot, repaired coarcta-
tion, and ventricular septal defect with signifi-
cant numbers of mitral regurgitation, aortic
stenosis, etc.

The birth rate in our catchment area
comprises 4.86% of total births in the UK. The
final column in table 2 predicts the total annual
increment in patients requiring follow up of
congenital heart disease into adult life in the
UK.

Discussion
This study found that 74% of all congenital
heart disease recognised in childhood is
diagnosed in infancy. In 1985 to 1994 there
was a total mortality in infancy of 18% but the
predicted survival for a further 15 years for
those surviving infancy is 96%. A further 18%
of heart defects were diagnosed beyond infancy
but before school age (1–4 years) so that 92%
of all cases were recognised by the age of 4
years. Another 8% of children with cardiovas-
cular malformations were first diagnosed dur-
ing school age (5–13 years). Our study predicts

the need for follow up beyond 16 years of age
for repaired or unrepaired congenital heart dis-
ease in the UK of over 1600 cases extra each
year or over 200 cases per 100 000 live births.

The spectrum of complexity of congenital
heart disease diminishes throughout
childhood—partly as a result of higher early
mortality caused by serious malformations and
partly because of later diagnosis of more minor
abnormalities—but increases in adult life
because many lesser defects do not require fol-
low up (figure 3).

Numerically, the more complex malforma-
tions, including those suitable only for single
ventricle repair (such as mitral atresia, tricus-
pid atresia, and double inlet ventricle) and oth-
ers such as pulmonary atresia with ventricular
septal defect or truncus arteriosus, are less
common but they require more intensive follow
up and will need more reinvestigation and
repeat intervention.

We have restricted our analysis to structural
heart disease but we recognise that children
with cardiac tumours, Marfan’s syndrome, car-
diomyopathy, primary arrhythmia, and various
other cardiac problems also require follow up.
Thus we have underestimated the total number
of patients graduating from the paediatric
clinic to the adult congenital cardiology clinic.
We also recognise that survival is constantly
improving with advances in earlier diagnosis,
surgery, and postoperative care so that the
numbers of patients requiring follow up will
continue to increase and the complexity of
their cardiac problems will also increase.

In the very long term it is possible that a
policy of antenatal diagnosis of cardiovascular
malformation and termination of pregnancy
will reduce the number of live born babies with
complex malformations. The overall eVect of
this is likely to be very small57 and would take
many years to have a significant influence on
the number of survivors in adult life. Such an
eVect on prevalence at live birth has so far not
been demonstrated in our own region5 or in
other studies.58

Most congenital heart disease is now surviv-
able and late deaths in childhood or early adult
life are relatively few.35 59 A review of adults with
congenital heart disease followed up in To-
ronto, Canada showed an annual mortality rate
of 13.9/1000 patient years (1.4%) so we can
predict almost linear growth in the patient
population in the foreseeable future.60

Few previous reports have considered the
implications of this increasing workload. Gat-
zoulis and colleagues61 reported a 269%
expansion in the outpatient workload in 10
years (1987 to 1997) in Toronto. In our own
unit we have seen a 400% growth in the
number of clinics for adults with congenital
heart disease in the past 10 years. In addition to
development of facilities for outpatient surveil-
lance62 adults with congenital heart disease will
require inpatient care, reinvestigation, and
repeat surgery or catheter intervention.63 64

We have used the latest published survival
data available. This may not reflect current
survival figures but patients who are now 16
years old mostly had operations in infancy 15

Figure 2 The eVect of adjustment for underascertainment. All diagnoses at 1–13 years are
shown (grey bars) with the eVect of extrapolation to compensate for underascertainment at
ages 5–13 years (solid bars). The diVerence between raw and adjusted figures is very small
and is shown for individual diagnoses in table 2.
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years ago and so the choice of references to
guide the predictions is justifiable. Improve-
ments in care in the past 15 years mean that
even more survivors will turn 16 each year,
particularly those with more complex congeni-
tal heart diseases that require closer long term
follow up and have a higher risk of late compli-
cations.

The main limitations of this study are the
many assumptions we made as set out above.
Our predictions were based on published
reports and the methods we used are defined so
that others can make any adjustments to the
predictions that they deem appropriate. The
design of our database means that we have
progressive underascertainment in later child-
hood but we corrected for this and any error
would be small. We did not include any cases
diagnosed beyond 13 years of age but the eVect
of this would also be very small. We ignored
heart disease other than structural congenital
heart disease and we recognise that this leads to
an underestimate of total numbers.

It was not the purpose of this study to enter
into the discussion about the responsibility for
continuing care of adults with congenital heart
disease. At present this is undertaken mostly by
paediatric cardiologists but in some places
there are full time specialists in adult congeni-
tal cardiology2 and in others there is a collabo-
ration between paediatric cardiologists and
interested adult cardiologists.65 Whatever sys-
tem is used it is important that appropriate
arrangements be made for the handover of care
of patients from the paediatric to the adult
service.66 67

The predicted number of patients graduat-
ing to adult follow up each year is relatively
small compared with the number of adults with
heart disease. However, these patients, their
families, and their cardiologists and surgeons
have already invested greatly in time, eVort,
and resources. Rapid recent advances have led
to the emergence of adult congenital heart dis-
ease as a distinct subspecialty and it is
important to be able to predict its future
growth to ensure appropriate provision of
medical manpower, facilities, and resources for
the care of adults with congenital heart disease.

We are indebted to Kati Whiteoak and Valerie Sutherland for
data collection; to Kathryn Breeze for preparation of the tables,
figures, and manuscript; and to the Children’s Heart Unit Fund
for financial support of the paediatric cardiology database.

1 PerloV JK. Congenital heart disease in adults. A new cardio-
vascular subspecialty. Circulation 1991;84:1881–90.

2 Connelly MS, Webb GD, Somerville J, et al. Canadian con-
sensus conference on adult congenital heart disease 1996.
Can J Cardiol 1998;14:395–452.

3 Moodie DS. Adult congenital heart disease. Curr Opin Car-
diol 1999;9:137–42.

4 Wren C, Richmond S, Donaldson L. Presentation of
congenital heart disease in infancy: implications for routine
examination. Arch Dis Child 1999;80:F49–53.

5 Wren C, Richmond S, Donaldson L. Temporal variability in
birth prevalence of cardiovascular malformations. Heart
2000;83:414–9.

6 OYce for National Statistics. Regional trends 34. London:
The Stationery OYce, 1999.

7 Mitchell SC, Korones SB, Berendes HW. Congenital heart
disease in 56,109 births. Circulation 1971;43:323–32.

8 Morris CD, Outcalt J, Menashe VD. Hypoplastic left heart
syndrome: natural history in a geographically defined
population. Paediatrics 1990;85:977–83.

9 Hoshino K, Ogawa K, Hishitani T, et al. Hypoplastic left
heart syndrome: duration of survival without surgical inter-
vention. Am Heart J 1999;137:535–42.

10 Aeba R, Katogi T, Takeuchi S, et al. Long-term follow-up of
surgical patients with single-ventricle physiology: prognos-
tic anatomical determinants. Cardiovasc Surg 1997;5:526–
32.

11 Franklin RCG, Spiegelhalter DJ, Anderson RH, et al.
Double-inlet ventricle presenting in infancy. J Thorac Car-
diovasc Surg 1991;101:767–76.

12 Leonard H, Derrick G, O’Sullivan J, et al. Natural and
unnatural history of pulmonary atresia. Heart 2000;84:
499–503.

13 Lightfoot NE, Coles JG, Dasmahapatra HK, et al. Analysis
of survival in patients with pulmonary atresia and intact
ventricular septum treated surgically. Int J Cardiol 1989;24:
159–64.

14 Hofbeck M, Sunnegårdh JT, Burrows PE, et al. Analysis of
survival in patients with pulmonic valve atresia and
ventricular septal defect. Am J Cardiol 1991;67:737–43.

15 Bull K, Somerville J, Spiegelhalter D. Presentation and
attrition in complex pulmonary atresia. J Am Coll Cardiol
1995;25:491–9.

16 Rajasinghe HA, McElhinney DB, Reddy VM, et al.
Long-term follow-up of truncus arteriosus repaired in
infancy: a twenty-year experience. J Thorac Cardiovasc Surg
1997;113:869–79.

17 Slavik Z, Keeton BR, Salmon AP, et al. Persistent truncus
arteriosus operated during infancy: long term follow-up.
Pediatr Cardiol 1994;15:112–5.

18 Brizard CP, Cochrane A, Austin C, et al. Management strat-
egy and long term outcome for truncus arteriosus. Eur J
Cardiothorac Surg 1997;11:687–96.

19 Lundstrom U, Bull C, Wyse RKH, et al. The natural and
“unnatural” history of congenitally corrected transposition.
Am J Cardiol 1990;65:1222–9.

20 Meisner H, Guenther T. Atrioventricular septal defect. Pedi-
atr Cardiol 1998;19:276–81.

21 Tweddell JS, Litwin SB, Berger S, et al. Twenty-year experi-
ence with repair of complete atrioventricular septal defects.
Ann Thorac Surg 1996;62:419–24.

22 Günther T, Mazzitelli D, Haehnel CJ, et al. Long-term
results after repair of complete atrioventricular septal
defects: analysis of risk factors. Ann Thorac Surg 1998;65:
754–60.

23 Wilson NJ, Clarkson PM, Barratt-Boyes BG, et al.
Long-term outcome after the Mustard repair for simple
transposition of the great arteries. J Am Coll Cardiol 1998;
32:758–65.

24 Gelatt M, Hamilton RM, McCrindle BW, et al. Arrhythmia
and mortality after the Mustard procedure: a 30-year
single-center experience. J Am Coll Cardiol 1997;29:194–
201.

25 Von Seggesser LK, Fry M, Senning A, et al. Atrial repair for
transposition of the great arteries: current approach in
Zürich based on 24 years of follow-up. Thorac Cardiovasc
Surg 1991;39:185–9.

26 Kirklin JW, Barratt-Boyes BG. Ventricular septal defect and
pulmonary stenosis or atresia. In: Kirklin JW, Barratt-Boyes
BG, eds. Cardiac surgery. Edinburgh: Churchill Living-
stone, 1993:861–1012.

27 Nollert G, Fischlein T, Bouterwek S, et al. Long-term
survival in patients with repair of tetralogy of Fallot:
36-year follow-up of 490 survivors of the first year after
surgical repair. J Am Coll Cardiol 1997;30:1374–83.

28 Murphy JG, Gersh BJ, Mair DD, et al. Long-term outcome
in patients undergoing surgical repair of tetralogy of Fallot.
N Engl J Med 1993;329:593–9.

29 Kirklin JW, Barratt-Boyes BG. Atrioventricular canal defect.
In: Kirklin JW, Barratt-Boyes BG, eds. Cardiac surgery.
Edinburgh: Churchill Livingstone, 1993:693–747.

30 McGrath LB, Gonzalez-Lavin L. Actuarial survival, free-
dom and reoperation, and other events after repair of atrio-
ventricular septal defects. J Thorac Cardiovasc Surg
1987;94:582–90.

31 McMullan MH, McGoon DC, Wallace RB, et al. Surgical
treatment of partial atrioventricular canal. Arch Surg 1973;
107:705–10.

32 Bando K, Turrentine MW, Ensing GJ, et al. Surgical
management of total anomalous pulmonary venous con-
nection. Thirty year trends. Circulation 1996;94(suppl
II):II-12–16.

33 Kirklin JW, Barratt-Boyes BG. Total anomalous pulmonary
venous connection. In: Kirklin JW, Barratt-Boyes BG, eds.
Cardiac surgery. Edinburgh: Churchill Livingstone, 1993:
645–73.

34 Cobanoglu A, Menashe VD. Total anomalous pulmonary
venous connection in neonates and young infants: repair in
the current era. Ann Thorac Surg 1993;55:43–9.

35 Morris CD, Menashe VD. 25-Year mortality after surgical
repair of congenital heart defect in childhood. A
population-based cohort study. JAMA 1991;266:3447–52.

36 Meijboom F, Szatmari A, Utens E, et al. Long-term
follow-up after surgical closure of ventricular septal defect
in infancy and childhood. J Am Coll Cardiol 1994;24:1358–
64.

37 Frontera-Izquierdo P, Cabezuelo-Huerta G. Natural and
modified history of isolated ventricular septal defect: a
17-year study. Pediatr Cardiol 1992;13:193–7.

38 Kitchiner DJ, Jackson M, Walsh K, et al. Incidence and
prognosis of congenital aortic valve stenosis in Liverpool
(1960–1990). Br Heart J 1993;69:71–9.

39 Hossack KF, Neutze JM, Lowe JB, et al. Congenital valvar
aortic stenosis. Natural history and assessment for
operation. Br Heart J 1980;43:561–73.

40 Kirklin JW, Barratt-Boyes BG. Pulmonary stenosis and
intact ventricular septum. In: Kirklin JW, Barratt-Boyes

442 Wren, O’Sullivan

www.heartjnl.com

http://heart.bmj.com


BG, eds. Cardiac surgery. Edinburgh: Churchill Living-
stone, 1993:1013–34.

41 Kopecky SL, Gersh BJ, McGoon MD, et al. Long-term out-
come of patients undergoing surgical repair of isolated pul-
monary valve stenosis. Follow-up at 20–30 years. Circula-
tion 1988;78:1150–6.

42 Kappetein AP, Zwinderman AH, Bogers AJJC, et al. More
than thirty-five years of coarctation repair. An unexpected
high relapse rate. J Thorac Cardiovasc Surg 1994;107:87–
95.

43 Kirklin JW, Barratt-Boyes BG. Coarctation of the aorta and
interrupted aortic arch. In: Kirklin JW, Barratt-Boyes BG,
eds. Cardiac surgery. Edinburgh: Churchill Livingstone,
1993:1263–325.

44 Murphy JG, Gersh BJ, McGoon MD, et al. Long-term out-
come of surgical repair of isolated atrial septal defect.
Follow-up at 27 to 32 years. N Engl J Med 1990;323:1645–
50.

45 S{amánek M. Children with congenital heart disease:
probability of natural survival. Pediatr Cardiol 1992;13:152–
8.

46 Kirklin JW, Barratt-Boyes BG. Patent ductus arteriosus. In:
Kirklin JW, Barratt-Boyes BG, eds. Cardiac surgery.
Edinburgh: Churchill Livingstone, 1993:841–59.

47 Kirklin JW, Barratt-Boyes BG. Congenital mitral valve
disease. In: Kirklin JW, Barratt-Boyes BG, eds. Cardiac sur-
gery. Edinburgh: Churchill Livingstone, 1993:1343–59.

48 Kadoba K, Jonas RA, Mayer JE, et al. Mitral valve replace-
ment in the first year of life. J Thorac Cardiovasc Surg 1990;
100:762–8.

49 Keith JD, Rose V, Collins G, et al. Ventricular septal defect:
incidence, morbidity, and mortality in various age groups.
Br Heart J 1971;33(suppl):81–7.

50 Kitchiner D, Jackson M, Walsh K, et al. The progression of
mild congenital aortic valve stenosis from childhood into
adult life. Int J Cardiol 1993;42:217–23.

51 Celermajer DS, Bull C, Till JA, et al. Ebstein’s anomaly:
presentation and outcome from fetus to adult. J Am Coll
Cardiol 1994;23:170–6.

52 Gentles TL, Calder AL, Clarkson PM, et al. Predictors of
long-term survival with Ebstein’s anomaly of the tricuspid
valve. Am J Cardiol 1992;69:377–81.

53 Serraf A, Zoghby J, Lacour-Gayet F, et al. Surgical
treatment of subaortic stenosis: a seventeen-year experi-
ence. J Thorac Cardiovasc Surg 1999;117:669–78.

54 Cochrane AD, Coleman DM, Davis DM, et al. Excellent
long-term functional outcome after an operation for

anomalous left coronary artery from the pulmonary artery.
J Thorac Cardiovasc Surg 1999;117:332–42.

55 Neumayer U, Stone S, Somerville J. Small ventricular septal
defects in adults. Eur Heart J 1998;19:1573–82.

56 OYce for National Statistics. Annual abstract of statistics. No
136. London: The Stationery OYce, 2000.

57 Abu-Harb M, Wyllie J, Hey E, et al. Antenatal diagnosis of
congenital heart disease and Down’s syndrome: the poten-
tial eVect on the practice of paediatric cardiology. Br Heart
J 1995;74:192–8.

58 Montana E, Khoury MJ, Cragan JD, et al. Trends and out-
comes after prenatal diagnosis of congenital cardiac
malformations by fetal echocardiography in a well defined
birth population, Atlanta, Georgia, 1990–1994. J Am Coll
Cardiol 1996;28:1805–9.

59 Moller JC, Anderson PC. 1000 consecutive children with a
cardiac malformation with 26–37 year follow-up. Am J
Cardiol 1992;70:661–7.

60 Harrison DA, Connelly M, Harris L, et al. Sudden cardiac
death in the adult with congenital heart disease. Can J Car-
diol 1996;12:1161–3.

61 Gatzoulis MA, Hechter S, Siu SC, et al. Outpatient clinics
for adults with congenital heart disease: increasing
workload and evolving patterns of referral. Heart 1999;81:
57–61.

62 WagstaV MH. Rigby ML, Redington AN. Increasing work-
load and changing referral patterns in paediatric cardiology
outreach clinics: implications for consultant staYng. Heart
1998;79:223–4.

63 Morris CD, Reller MD, Menashe VD. Thirty-year incidence
of infective endocarditis after surgery for congenital heart
defect. JAMA 1998;279:599–603.

64 Dore A, Glancy L, Stone S, et al. Cardiac surgery for
grown-up congenital heart patients: survey of 307 consecu-
tive operations from 1991 to 1994. Am J Cardiol 1997;80:
906–13.

65 Freeman LJ, Page AJ. Outpatients clinics for adults with
congenital heart disease. Heart 1999;82:256.

66 Viner R. Transition from paediatric to adult care. Bridging
the gaps or passing the buck? Arch Dis Child 1999;81:
271–5.

67 Rosenberg HC, Webb G, and the Members of the Canadian
Adult Congenital Heart Network. Referral of young adult
patients with congenital heart disease to adult centres. Can
J Cardiol 1996;12:600–2.

-

Electronic pages

eHEART: www.heartjnl.com

The following electronic only articles are published in con-
junction with this issue of Heart (see also p 450).

Ultrasound guided percutaneous thrombin injection
of iatrogenic femoral artery pseudoaneurysms after
coronary angiography and intervention
J D Ferguson, P J Whatling, V Martin, J Walton, A P Banning
Ultrasound guided percutaneous thrombin injection has
recently been described for the treatment of iatrogenic
femoral pseudoaneurysms. Patient selection and technical
aspects of this technique are still evolving and safety data,
particularly after coronary intervention, remains limited.
The percutaneous thrombin injection of femoral artery
pseudoaneurysms in 13 consecutive patients, most of
whom were receiving antiplatelet/anticoagulant treatment
(aspirin 11, heparin 4, clopidogrel 6), is reported.
Thrombin (1000 U/ml) was injected over several seconds
until Doppler colour flow within the cavity ceased. The
median dose of thrombin injected was 800 U (range 200–
1000 U) and the treatment was successful in all cases
without complication. In one case, thrombus was visualised
within the arterial lumen immediately after thrombin
injection, but this dissolved spontaneously within five min-
utes without evidence of embolisation. In contrast to ultra-

sound guided compression, percutaneous thrombin injec-
tion of femoral pseudoaneurysms is a rapid, well tolerated,
and successful technique even in patients receiving
antiplatelet/anticoagulant treatment.
(Heart 2001;85:e5) www.heartjnl.com/cgi/content/full/85/
4/e5

Spontaneous closure of congenital coronary artery
fistulas
J-M Schleich, C Rey, M Gewillig, A Bozio
Six cases of full spontaneous closure of congenital coronary
artery fistulas, and one case of near closure, as seen by col-
our Doppler echocardiography, are presented. It is worth
reconsidering the classical view that nearly all cases of
spontaneous closure are eligible for surgical or percutane-
ous correction to prevent the development of significant
and potentially fatal complications. As the natural course of
coronary artery fistulas is still poorly defined, asympto-
matic patients, especially those under 7 years old with small
shunts, should be periodically followed up by echocardio-
graphy rather than be subjected to operative closure, even
by catheterisation.
(Heart 2001;85:e6) www.heartjnl.com/cgi/content/full/85/
4/e6
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